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(54) DEMODULATING METHOD FOR GPS SIGNAL AND GPS RECEIVING DEVICE 

(57)Abstract: ( 3 

PROBLEM TO BE SOLVED: To provide a demodulating " ™ * 

method for a GPS signal and a GPS receiving device which 
can follow up even large variation of the carrier frequency of a 
receive signal with simple constitution. 

SOLUTION: The device is equipped with an arithmetic circuit 
10 which computes by a carrier loop discriminator 58a the 
phase difference 9err between an in-phase signal and an 
orthogonal signal QPS integrated by integrators 571 and 574 
for a certain time after code components are removed and 
determines a control signal Nca for controlling a carrier 
numeric control oscillator 51 by detecting the frequency shift of 
a replica carrier fca from the tilt (differential value) d0err/dt of 
the phase difference 9err. Large variation in carrier frequency 
due to fluctuations, etc., of a reference frequency can be 
followed up by not only adjusting the frequency by detecting the phase difference, but also 
monitoring the frequency shift as well as the phase difference and a carrier loop is prevented from 
being unlocked. Further, the arithmetic circuit 10 is only added to conventional constitution. 
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CLAIMS 



[Claim(s)] 

[Claim 1]It is a demodulation method of a GPS signal which recovers navigation data from an input signal 
1 5 received from a GPS Satellite, When synchronizing with a earner component of an input signal a replica career 
which made frequency variable, A demodulation method of a GPS signal making frequency of a replica career 
change so that inclination of phase contrast of a carrier component of an input signal and frequency of a replica 
career may be computed for every predetermined time and an absolute value of this inclination may be made 
small. 

20 [Claim 2]A GPS receiving set which recovers navigation data from an input signal received from a GPS Satellite, 
comprising: 

An intermediate frequency conversion method which changes into an intermediate frequency signal a GPS signal 
received with an antenna. 

An analog-to-digital conversion means to binary-ize an intermediate frequency signal of an analog and to change 
25 into a digital intermediate frequency signal. 

A numerical control oscillator for careers which generates a replica career. 

A rectangular frequency converter which carries out rectangular frequency conversion of the digital intermediate 
frequency signal to an in-phase signal and a rectangular signal with a replica career. 

A code synchronous means which generates a code in sync with a pseudo noise code peculiar to each GPS 

30 Satellite contained in an input signal. 

Where a code synchronization is able to be taken, while computing phase contrast for every unit time of an 
in-phase signal and a rectangular signal, inclination of phase contrast is computed for every prescribed period, A 
control means which generates a control signal for changing frequency of a replica career so that an absolute 
value of inclination of phase contrast may be made small, and controls a numerical control oscillator for careers. 

35 [Claim 3]The GPS receiving set according to claim 2 which it has a memory which stores a digital intermediate 
frequency signal for predetermined time, and a control means generates a control signal from data of a digital 
intermediate frequency signal stored in a memory, and is characterized by things. 

[Claim 4]The GPS receiving set according to claim 2 or 3, wherein a control means computes inclination by 
variation with data of phase contrast of order removing data of phase contrast which is beyond a predetermined 
40 value among data of phase contrast computed for every unit time. 



DETAILED DESCRIPTION 



45 [Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the demodulation method and GPS receiving set of a GPS signal. 
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[0002] 

[Description of the Prior Art]In the conventional GPS receiving set after generating the numerals (code) in sync 
with the pseudo noise code peculiar to each GPS Satellite contained in an input signal and performing spectrum 
back-diffusion of gas, the career in sync with the subcarrier (career) of the input signal is reproduced, and it 
5 restores to the navigation data from a GPS Satellite. Changing the frequency of the replica of a career, and the 
phase of a code one by one using the code of the GPS Satellite made into the duplicate signals (replica) of the 
career generated within the GPS receiving set and the purpose, in order to catch the electric wave from a GPS 
Satellite. By searching for the size of correlation with the signal from a GPS Satellite, the electric wave of the 
GPS Satellite made into the purpose is caught Once catching the electric wave of the target GPS Satellite, the 
1 0 phase contrast of an input signal and the replica of the career generated within the GPS receiving set is 
supervised, and synchronous pursuit of a career is performed by controlling the numerical control oscillator for 
careers. PLL (Phase Locked Loop) which synchronous pursuit of a career detects phase contrast such as a 
costas loop (Costas loop), and doubles frequency is used, and DLL (Deley Lock Loop) is used for synchronous 
pursuit of a code. 

15 [0003] Hereafter, with reference to drawing 8 and drawing 9 , the conventional composition and operation of a 
GPS receiving set are explained. Drawing 8 shows the block by the whole GPS receiving set and drawing 9 
changes an input signal into IF (intermediate frequency) signal by an RF circuit The reception signal processing 
block for every [ corresponding to each GPS Satellite ] channel which processes the digital IF signal after 
carrying out the analog to digital (binary-izing) of the IF signal furthermore is shown. Drawing 10 is a block 

20 diagram of the digital disposal circuit which performs code synchronous pursuit and carrier synchronization 
pursuit based on the output of a reception signal processing block 

[0004]As shown in drawing 8 , the input signal of the antenna 1 is supplied to RF circuit 2, and in RF circuit 2, 
frequency conversion (down convert) of the input signal is carried out to an intermediate frequency (IF) signal. 
That is, RF circuit 2 comprises the signal amplifier 2a which amplifies the input signal from the antenna 1, 

25 reference frequency generator 2b which generates a reference frequency signal, and the frequency converter 2c 
which carries out frequency conversion of the input signal amplified with the signal amplifier 2a based on the 
reference frequency signal to an IF signal. And the IF signal of the analog outputted from RF circuit 2 is 
binary-ized in the analog-to-digrtal signal converter 3, and is changed into a digital IF signal, and signal processing 
is carried out with the reception signal processing block 5i (i=1~N) for every reception channel corresponding to 

30 two or more GPS Satellites. The digital IF signal is supplied also to the automatic-gain-control machine 4, and is 
controlling the profit in the frequency converter 2c by the automatic-gain-control machine 4 to the suitable 
value according to a digital IF signal. 

[0005]The numerical control oscillator 51 for careers in which the reception signal processing block 5i generates 
the duplicate signals (it is hereafter called a "replica career") fca of a career as shown in drawing 9 , The 

35 rectangular frequency converter 52 which carries out rectangular frequency conversion of the digital IF signal to 
the in-phase signal I from which 90 degrees of phases differ mutually with the replica career fca, and the 
rectangular signal Q, The numerical control oscillator 53 for codes which generates the clock signal fed, and the 
code synthetic circuit 54 which compounds the code which is in agreement with the pseudo noise code of the 
GPS Satellite which it is going to receive from the clock signal fed, The data of the code compounded in the 

40 clock signal fed and the code synthetic circuit 54 is inputted, The Prompt signal synchronized with the code 
composition contained in an input signal (P signal), The shift register 55 of the triplet which outputs the Late 
signal (L signal) which was in 1 chip phase for 2 minutes to the advanced Early signal (E signal) and P signal of 1 
chip phase for 2 minutes to P signal, respectively, EXOR circuit56 1 which calculates exclusive OR with each 
signal of P, E, and L, the irrphase signal I, and the rectangular signal Q - 56 6 , A code composition removed 

45 in-phase signal Ip, Ig, II and rectangular signal Q P , Q E , and Q L by calculating exclusive OR by each EXOR circuit 
56, - 56 6 Fixed time. It has integrator 57! integrated and dumped only (for example, 1 millisecond which is the 
length of one cycle of a code) - 57 6 . The separation circuits 52a and 52b where the rectangular frequency 
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converter 52 divides the replica career fca into a sign ingredient (about 0 degree phase ingredient), and a cosine 
ingredient (90-degree movement component), It comprises EXOR circuits 52c and 52d which calculate 
respectively the exclusive OR of the sign ingredient of the replica career fca and cosine ingredient which are 
outputted from each separation circuits 52a and 52b, and a digital IF signal, and acquire the in-phase signal I and 
5 the rectangular signal Q. 

[0006]The digital disposal circuit 58 makes CPU main constitution, While outputting the control signal Ned for 
changing the phase of a code one by one based on signal Ips dumped from each integrator 57 ^~51 & , 1^, and 
Qps, Q ES , and to the numerical control oscillator 53 for codes, The control signal Nca for changing the 
frequency of the replica career fca one by one is outputted to the numerical control oscillator 51 for careers. 

10 When it explains in detail, in this digital disposal circuit 58. As shown in drawing 10 , integrator 57,, Signal 1^ 
outputted from 57 4 . And phase contrast with the value, and the career of an input signal and the replica career 
fca showing the intensity of input signals, such as (W^+Qps 2 ) fr o m Qps or ItsMQpsl. ,s searched for by the career 
loop discriminator 58a, In the career loop filter 58b, the operation of a loop filter is performed to the calculated 
value, and the control signal Nca for making the replica career fca follow the career of an input signal based on 

15 the result is outputted to the numerical control oscillator 51 for careers. Signal and Q which are 
simultaneously outputted from integrator 57 2 and 57 5 in the envelope detecting circuit 58c in the digital disposal 
circuit 58. sigr^ESbyv^chtheenvetepeofEs was detected and fixed time addition of the detection result was carried out 
with the integrator 58d, The envelope of signal \^ and outputted from integrator 57 3 and 57 6 in the envelope 
detecting circuit 58e is detected, Calculation which searches for the phase contrast of P signal over the code 

20 composition of an input signal from difference with signal l_s by which fixed time addition of the detection result 
was carried out with the integrator 58f is performed by 58 g of code loop discriminators, In the code loop filter 
58h, the operation of a loop filter is performed to this phase contrast The control signal Ned for making the 
phase of P signal follow the code composition of an input signal based on the scale factor searched for in the 
result of an operation and scaleHactor part 58i is outputted to the numerical control oscillator 53 for codes. 

25 [0007]When catching the electric wave of a GPS Satellite with the GPS receiving set of the above-mentioned 
composition, the digital disposal circuit 58, Changing the frequency of the replica career fca, and the phase of a 
code (P signal) one by one, when the value showing the intensity of the input signal searched for by the career 
loop discriminator 58a exceeds a predetermined threshold, it considers that the electric wave of the GPS 
Satellite made into the purpose was caught and the search of a satellite radio wave is ended. It shifts to 

30 synchronous pursuit of the code by DLL and the synchronous pursuit by the costas loop by supervising the 
phase error (phase shift of the replica career fca and the career of an input signal) searched for by the career 
loop discriminator 52a henceforth. 

[0008]The result (position information) which the current position was positioned and was positioned in the 
navigation beacon processing circuit 6 from the navigation data of the GPS Satellite to which it restored in the 
35 digital disposal circuit 58 as shown, for example in drawing 8 is displayed on the user interface parts 7, such as a 
monitoring device. 
[0009] 

[Problem(s) to be Solved by the InventionjAlthough some which are used well have the above-mentioned costas 
loop as a career loop which detects the phase contrast of two signals as mentioned above and with which the 

40 frequency of both signals is doubled, In the discriminator of a costas loop, since only phase contrast is 
supervised, it cannot follow in footsteps of big change of the carrier frequency produced when an input signal is 
sharply changed by the reflection from a building, etc., fluctuation of the reference frequency generated, for 
example with reference frequency generator 2b of RF circuit 2. Once the lock of the loop separated, it had to 
redo from prehension of the GPS Satellite, position information was calculated again, and there was a problem of 

45 spending a long time by the time it tells a user about a current position. 

[0010]It succeeds in this invention in light of the above-mentioned problems, and there is a place made into the 
purpose in providing the demodulation method and GPS receiving set of a GPS signal which can also follow a big 
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change of the carrier frequency of an input signal with easy composition. 
[0011] 

[Means for Solving the Problem]An invention of claim 1 is a demodulation method of a GPS signal which 
recovers navigation data from an input signal received from a GPS Satellite to achieve the above objects, When 
5 synchronizing with a carrier component of an input signal a replica career which made frequency variable, 
Inclination of phase contrast of a carrier component of an input signal and frequency of a replica career is 
computed for every predetermined time, It is characterized by making frequency of a replica career change so 
that an absolute value of this inclination may be made small, Detect a carrier component of an input signal, and 
phase contrast of a replica career, and it not only doubles both frequency, but, In order to supervise a gap of 

10 frequency expressed with inclination of phase contrast simultaneously with phase contrast and to double 
frequency of a replica career with frequency of a carrier component of an input signal, It can follow in footsteps 
of big change of a carrier frequency produced when an input signal is sharply changed by reflection from a 
building, etc., fluctuation of reference frequency for changing into an intermediate frequency signal, It becomes 
possible to prevent a lock blank of a career loop, and a problem that this will spend a question at the time of long 

1 5 for re-prehension of a GPS Satellite can be prevented. 

[0012]In a GPS receiving set which recovers navigation data from an input signal which an invention of claim 2 
received from a GPS Satellite to achieve the above objects, An intermediate frequency conversion method 
which changes into an intermediate frequency signal a GPS signal received with an antenna, An analog-to-digital 
conversion means to binaryHze an intermediate frequency signal of an analog and to change into a digrtal 

20 intermediate frequency signal, A numerical control oscillator for careers which generates a replica career, and a 
rectangular frequency converter which carries out rectangular frequency conversion of the digital intermediate 
frequency signal to an in-phase signal and a rectangular signal with a replica career, A code synchronous means 
which generates a code in sync with a pseudo noise code peculiar to each GPS Satellite contained in an input 
signal, Where a code synchronization is able to be taken, while computing phase contrast for every unit time of 

25 an in-phase signal and a rectangular signal, inclination of phase contrast is computed for every prescribed period, 
It is characterized by having a control means which generates a control signal for changing frequency of a replica 
career so that an absolute value of inclination of phase contrast may be made small, and controls a numerical 
control oscillator for careers, Detect a carrier component of an input signal, and phase contrast of a replica 
career, and it not only doubles both frequency, but In order to supervise a gap of frequency expressed with 

30 inclination of phase contrast simultaneously with phase contrast and to double frequency of a replica career with 
frequency of a carrier component of an input signal, It can follow in footsteps of big change of a earner frequency 
produced when an input signal is sharply changed by reflection from a building, etc., fluctuation of reference 
frequency for changing into an intermediate frequency signal, It can become possible to prevent a lock blank of a 
career loop, a problem that this will spend a question at the time of long for re-prehension of a GPS Satellite can 

35 be prevented, and, moreover, it can realize to composition by easy circuitry which adds few circuits 
conventionally. 

[001 3]An invention of claim 3 is provided with a memory which stores a digrtal intermediate frequency signal for 
predetermined time in an invention of claim 2, A control means generates a control signal from data of a digital 
intermediate frequency signal stored in a memory, and it is characterized by things, It is quicker than doubling 
40 frequency and a phase of a replica career with frequency and a phase of a earner component of a digital 
intermediate frequency signal in real time, It becomes possible to shorten time until it can take a synchronization 
with a carrier component of an input signal, it can moreover recover all the input signals from a digrtal 
intermediate frequency signal first stored in a memory as navigation data and it outputs position information as a 
result 

45 [0014]In claim 2 or an invention of 3, an invention of claim 4 a control means, It can be characterized by 
computing inclination and average value by removing data of phase contrast whose variation with data of phase 
contrast of order is beyond a predetermined value among data of phase contrast computed for every unit time, 
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inclination of suitable phase contrast can be computed, and it becomes possible to take a carrier synchronization 

more quickly as a result 

[0015] 

[Embodiment of the Invention](Embodiment 1 ) The block diagram of the important section in Embodiment 1 of 
5 this invention is shown in drawing 1 . However, since the composition for performing synchronous pursuit of a 
code except the composition for performing synchronous pursuit of the career which is the feature of this 
invention is common, it abbreviates a graphic display and explanation to the conventional example shown in 
drawing 8 - drawing 10 . The same numerals are given to the portion which is common in the above-mentioned 
conventional example among the composition of this embodiment and explanation is omitted. 

10 [0016]This embodiment As shown in drawing 2 , in-phase signal Ipg and rectangular signal Q PS by which the code 
composition was removed and fixed time addition was carried out by integrator 51^ and 57 4 . Angle (phase 
contrast of in-phase signal Ips and rectangular signal Qpg) thetaerr when it plots on a rectangular-coordinates 
axis is computed by the career loop discriminator 58a, The feature is at the point provided with the arithmetic 
circuit 1 0 which determines the control signal Nca for detecting the frequency drift of the replica career fca from 

1 5 inclination (differential value) dthetaerr/dt of this phase contrast thetaerr, and controlling the numerical control 
oscillator 51 for careers. The arithmetic circuit 1 0 is realized in CPU which constitutes the digital disposal circuit 
58 in a conventional example. 

[0017]The digital IF signal which changed the frequency of the input signal into the intermediate frequency (IF) in 
RF circuit 2 which is not illustrated (down convert), and was binary-ized with the analog-to-digital signal 

20 converter 3, As opposed to the sign ingredient and cosine ingredient of the replica career fca from which the 
replica career fca by which it was generated with the numerical control oscillator 51 for careers where an 
electric wave is caught was separated by the separation circuits 52a and 52b, The operation of exclusive OR is 
performed in EXOR circuits 52c and 52d, and rectangular frequency conversion of the digital IF signal is carried 
out to the in-phase signal I and the rectangular signal Q. At this time, if the frequency and the phase of the 

25 replica career fca and the carrier component of a digital IF signal are thoroughly in agreement a carrier 
component will be removed from a digital IF signal, but In the stage which caught the electric wave from a GPS 
Satellite, since the carrier synchronization cannot be taken, the carrier component is not removable. 
[0018]And a code composition is removed by calculating exclusive OR with P signal for making it synchronize 
with a code composition, the in-phase signal I, and the rectangular signal Q in EXOR circurt56 t and 56 4 , Signal Ipg 

30 and Qps by which in-phase signal Ip after code composition removal and rectangular signal Q P were integrated 
only for fixed time (for example, 1 millisecond which is the length of one cycle of a code) in integrator 57, and 57 4 
are dumped. The above-mentioned integration time may not be limited to 1 millisecond, and may be time longer 
than this or short 

[0019]And in the career loop discriminator 58a, although phase contrast thetaerr of in-phase signal 1^ and 
35 rectangular signal Qps by which fixed time addition was carried out is calculated, when both the carrier 
synchronization and the code synchronization can be taken, since it is set to the above-mentioned rectangular 
signal Qps^O, it is set to phase contrast thetaerr=0. Then, inclination (differential value) dthetaerr/dt of phase 
contrast thetaerr is supervised in the arithmetic circuit 10, The control signal [ as opposed to / like / it is small 
(it is considered as zero), and / the numerical control oscillator 51 for careers for this inclination dthetaerr/dt ] 
40 Nca is determined, and the replica career fca is generated from the numerical control oscillator 51 for careers. 

[0020]Next after catching the electric wave from a GPS Satellite, operation of the arithmetic circuit 10 in the 
state where the code synchronization was able to be taken is explained in detail with reference to the flow chart 
of drawing 3 . 

[0021]First the arithmetic circuit 10 reads phase contrast thetaerr from the career loop discriminator 58a only a 
45 prescribed period (for example, for 10 milliseconds) for every millisecond (S1). However, the above-mentioned 
prescribed period may not be limited in 10 milliseconds, and may be time longer than this or short And in the 
arithmetic circuit 10, it inclines with the average value of phase contrast thetaerr of the above-mentioned 
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prescribed period, and the absolute value of inclination dthetaerr/dt which calculated and (S2) asked for 
dthetaerr/dt is compared with predetermined threshold omegath (S3). In the arithmetic circuit 10, if the absolute 
value of inclination dthetaerr/dt is larger than threshold omegath, The frequency of the replica career fca judges 
that it is not in agreement with the frequency of the career of a digital IF signal, and outputs correction value 
5 deltaNca of the control signal equivalent to the absolute value of inclination dthetaerr/dt (S4). And a bias value is 
added to correction value deltaNca outputted from the arithmetic circuit 10 by the adding machine 11, and it is 
generated by the new replica career fca from the numerical control oscillator 51 for careers by the value of the 
control signal Nca being calculated by the digital disposal circuit 58, and the value of Nca being changed (S5). It is 
dependent on the system, and by a system, as long as the bias value of the control signal Nca is unnecessary, it 

1 0 may not add a bias value. 

[0022]And rectangular frequency conversion of the digital IF signal by the new replica career fca and operation 
of removal of a code composition are performed, and the above-mentioned processing (S1-S5) is repeated until 
the absolute value of inclination dthetaerr/dt of phase contrast thetaerr becomes below threshold omegath. 
[0023]On the other hand, if the absolute value of inclination dthetaerr/dt of phase contrast thetaerr becomes 

1 5 below in threshold omegath, In the arithmetic circuit 10, it judges that the frequency of the replica career fca was 
in agreement with the frequency of the career of a digital IF signal (S6), and the value of correction value **Nca 
at that time is memorized as initial value **NcaO (S7). 

[0024]The control signal Nca is a function of inclination dthetaerr/dt of phase contrast thetaerr here, From the 
replica career fca being a function of the control signal Nca. As shown in drawing 4 , when value NcaO of the 
20 control signal Nca when above-mentioned inclination dthetaerr/dt becomes zero is given to the numerical 
control oscillator 51 for careers, the frequency of the replica career fca can be coincided with the frequency of 
the carrier component of a digital IF signal. 

[0025]And the arithmetic circuit 10 compares absolute value |sigmathetaerr|/10 of the average value of phase 
contrast thetaerr with predetermined reference-value thetath (S8), When absolute value |sigmathetaerr|/10 of 

25 the above-mentioned average value are larger than reference-value thetath, it judges that the phase of the 
replica career fca is not in agreement with the phase of the career of a digital IF signal, and the value of 
correction value deltaNca is made to get mixed up so that a phase may be coincided. Namely, the frequency of 
the replica career fca is made to get mixed up with outputting ** NcaO**alpha as correction value **Nca by 
required time according to the numerals and the size (absolute value) of average value sigmathetaerr / 10 of 

30 phase contrast thetaerr, as the arithmetic circuit 10 shows to drawing 5 , It amends so that the phase of the 
replica career fca may be coincided with the carrier component of a digital IF signal (S9). After this completion of 
amendment the arithmetic circuit 10 returns correction value +*Nca to initial value **Nca0 (S10), and it 
calculates average value sigmathetaerr / 10 of phase contrast thetaerr while only a prescribed period reads 
phase contrast thetaerr again (S11). And if average value sigmathetaerr / 10 become below reference-value 

35 thetath, rt will judge that the phase of the replica career fca was in agreement with the phase of the career of a 
digital IF signal (S8), correction value **Nca0 at that time will be memorized (S12), and the frequency and the 
phase of the replica career fca will be held. After that, it detects whether change has arisen in the frequency and 
the phase of the input signal under supervising inclination and the average value of phase contrast thetaerr, and 
a carrier synchronization is pursued. 

40 [0026]In [ as mentioned above ] carrier synchronization pursuit of a GPS input signal at this embodiment By it 
not only doubling frequency, but detecting phase contrast and supervising a gap of frequency simultaneously 
with phase contrast It can follow now in footsteps of big change of the carrier frequency produced when an 
input signal is sharply changed by the reflection from a building, etc., fluctuation of the reference frequency 
generated with reference frequency generator 2b of RF circuit 2, and it becomes possible to prevent the lock 

45 blank of a career loop. The problem that this will spend a question at the time of long for re-prehension of a GPS 
Satellite can be prevented. And there is an advantage that rt is conventionally realizable to composition with the 
easy composition which adds the arithmetic circuit 10. 
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[0027](Embodiment 2) Although the point with which the reception signal processing block 5 was equipped 
differs the memory 12 memorizable by a prescribed period from Embodiment 1, the digital IF signal which this 
embodiment carried out the down convert of the input signal in RF circuit 2 as shown in drawing 6 , and was 
binary-ized with the analog-to~digital signal converter 3, The other composition is as common as Embodiment 1. 
5 Therefore, the numerals same about common composition are attached, explanation is omitted, and only the 
composition and operation used as the feature of this embodiment are explained. 

[0028]In Embodiment 1, the arithmetic circuit 10 for every millisecond from the career loop discriminator 58a By 
the way, a prescribed period. By (for example, for 10 milliseconds) reading phase contrast thetaerr, in quest of 
inclination dthetaerr/dt of phase contrast thetaerr, rf the absolute value of inclination is larger than the threshold 
1 0 wth as compared with the threshold wth, The control signal Nca was changed, the frequency of the replica 
career fca was changed, and the grade of inclination dthetaerr/dt of phase contrast thetaerr is again judged in 
the following 10 milliseconds. 

[0029]In this embodiment in the memory 1 2 provided in the reception signal processing part lock 5, on the other 
hand, predetermined time. (For example, 100 milliseconds) The inside of the data of a digital IF signal in which 

1 5 only the part was stored, Although the frequency and the phase of the replica career fca are doubled with the 
frequency and the phase of a carrier component of a digital IF signal by the procedure explained by Embodiment 
1 using the data for 10 milliseconds of the beginning, The data stored in the memory 12 is used for calculation of 
inclination dthetaerr/dt of phase contrast thetaerr of the 2nd henceforth. Therefore, by once storing the data of 
a digital IF signal in the memory 12, Using the data which could use the data for 10 milliseconds of the beginning 

20 any number of times, and was stored in the memory 1 2 also at the time of prehension of a GPS Satellite by 
changing the frequency of the replica career fca, and the phase of a code one by one. For example, ts^Qps 2 can 
look for the control signal NcaNcd of the object for careers which becomes beyond constant value, and the 
numerical control oscillators 51 and 53 for codes. Even when frequency is changed once being able to take a 
carrier synchronization, it is possible to double the frequency and the phase of the replica career fca with an 

25 input signal using the data of the digital IF signal at the time of change being seen. It enables this to restore to ail 
the received GPS signals as navigation data. The digital IF signal stored in the memory 12 may not be limited to 
a part for for 1 00 milliseconds, and may be time longer than this or short 

[0030]According to this embodiment it is quicker than doubling the frequency and the phase of the replica 
career fca with the frequency and the phase of a carrier component of a digital IF signal in real time like 

30 Embodiment 1 as mentioned above, It becomes possible to shorten time until it can take the synchronization 
with the carrier component of an input signal, it can moreover recover all the input signals from the input signal 
(digital IF signal) first stored in the memory 12 as navigation data and it outputs position information as a result 
[0031 ]By the way, when calculating inclination dthetaerr/dt of phase contrast thetaerr by the arithmetic circuit 
10 in Embodiment 1 or Embodiment 2, As shown in drawing 7 (a), when the data in which values differ greatly is 

35 contained in the data of phase contrast thetaerr! for 10 milliseconds - thetaerrlO, There is a possibility that it 
may become impossible for an error to become large if it inclines including such data and dthetaerr/dt and 
average value sigmathetaerr / 10 are computed, or to compute inclination dthetaerr/dt Then, data with the 
larger change part deltathetaerr with the data of just before and an immediately after than predetermined value 
thetar, For example, if the data of thetaerr3 set to deftathetaerr3>thetar and deltathetaerr4>thetar in drawing 7 

40 (a) is removed, it inclines and dthetaerr/dt and average value sigmathetaerr / 10 are computed, As shown in 
drawing 7 (b), inclination dthetaerr/dt of suitable phase contrast thetaerr, and average value sigmathetaerr / 10 
can be computed, and it becomes possible to take a carrier synchronization more quickly as a result 
[0032] 

[Effect of the Invention]The invention of claim 1 is a demodulation method of the GPS signal which recovers 
45 navigation data from the input signal received from the GPS Satellite, When synchronizing with the carrier 
component of an input signal the replica career which made frequency variable, Since the frequency of a replica 
career is made to change so that inclination of the phase contrast of the carrier component of an input signal 
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and the frequency of a replica career may be computed for every predetermined time and the absolute value of 
this inclination may be made small, Detect the carrier component of an input signal, and the phase contrast of a 
replica career, and rt not only doubles both frequency, but, In order to supervise the gap of frequency expressed 
with inclination of phase contrast simultaneously with phase contrast and to double the frequency of a replica 
5 career with the frequency of the carrier component of an input signal, It can follow in footsteps of big change of 
the carrier frequency produced when an input signal is sharply changed by the reflection from a building, etc., 
fluctuation of the reference frequency for changing into an intermediate frequency signal, It becomes possible to 
prevent the lock blank of a career loop, and is effective in the ability to prevent the problem that this will spend a 
question at the time of long for re-prehension of a GPS Satellite. 

1 0 [0033]In the GPS receiving set which recovers navigation data from the input signal which the invention of claim 
2 received from the GPS Satellite, The intermediate frequency conversion method which changes into an 
intermediate frequency signal the GPS signal received with the antenna, An analog^to-digrtal conversion means 
to binary-ize the intermediate frequency signal of an analog and to change into a digital intermediate frequency 
signal, The numerical control oscillator for careers which generates a replica career, and the rectangular 

1 5 frequency converter which carries out rectangular frequency conversion of the digital intermediate frequency 
signal to an in-phase signal and a rectangular signal with a replica career, The code synchronous means which 
generates the code in sync with a pseudo noise code peculiar to each GPS Satellite contained in an input signal, 
Where a code synchronization is able to be taken, while computing the phase contrast for every unit time of an 
in-phase signal and a rectangular signal, inclination of phase contrast is computed for every prescribed period, 

20 Since it had the control means which generates the control signal for changing the frequency of a replica career, 
and controls the numerical control oscillator for careers so that the absolute value of inclination of phase 
contrast might be made small, detect the carrier component of an input signal, and the phase contrast of a 
replica career, and it not only doubles both frequency, but In order to supervise the gap of frequency expressed 
with inclination of phase contrast simultaneously with phase contrast and to double the frequency of a replica 

25 career with the frequency of the carrier component of an input signal, It can follow in footsteps of big change of 
the carrier frequency produced when an input signal is sharply changed by the reflection from a building, etc., 
fluctuation of the reference frequency for changing into an intermediate frequency signal, It becomes possible to 
prevent the lock blank of a career loop, the problem that this will spend a question at the time of long for 
re-prehension of a GPS Satellite can be prevented, and it is effective in moreover being conventionally realizable 

30 to composition by the easy circuitry which adds few circuits. 

[0034]The invention of claim 3 is provided with the memory which stores the digital intermediate frequency 
signal for predetermined time in the invention of claim 2, and a control means generates a control signal from the 
data of the digital intermediate frequency signal stored in the memory, and since, It is quicker than doubling the 
frequency and the phase of a replica career with the frequency and the phase of a earner component of a digital 

35 intermediate frequency signal in real time, It is effective in becoming possible to shorten time until it can take the 
synchronization with the earner component of an input signal, it can moreover recover all the input signals from 
the digital intermediate frequency signal first stored in the memory as navigation data and it outputs position 
information as a result 

[0035]In claim 2 or the invention of 3, the invention of claim 4 a control means, Since inclination and average 
40 value are computed by removing the data of the phase contrast whose variation with the data of the phase 
contrast of order is beyond a predetermined value among the data of the phase contrast computed for every 
unit time, Inclination of suitable phase contrast can be computed and it is effective in becoming possible to take 
a carrier synchronization more quickly as a result 

DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the important section of Embodiment 1 . 
[Drawing 2] It is an explanatory view of operation same as the above. 
[Drawing 3] tt is a flow chart for explanation [ same as the above ] of operation. 
5 [Drawing 4] It is an explanatory view of operation same as the above. 
[Drawing 5] It is an explanatory view of operation same as the above. 
[Drawing 6] It is a block diagram showing the important section of Embodiment 2. 
[Drawing 7] It is an explanatory view of operation same as the above. 

[Drawing 8] It is a block diagram showing the entire configuration of the conventional GPS receiving set 
1 0 [Drawing 9] It is a block diagram showing a reception signal processing block same as the above. 

[Drawing 1Q] ft is a block diagram showing a digital disposal circuit same as the above. 

[Description of Notations] 

5 Reception signal processing block 

10 Arithmetic circuit 
15 11 Adding machine 

51 The numerical control oscillator for careers 

52 A rectangular frequency converter 

56 EXOR circuit 

57 Integrator 

20 58 Digital disposal circuit 

58a Career loop discriminator 



[Translation done.] 
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